Over-sulfated chondroitin sulfate derivatives induce osteogenic differentiation of hMSC independent of BMP-2 and TGF-β1 signalling.
Natural glycosaminoglycans (GAGs) and chemically modified GAG derivatives are known to support osteogenic differentiation of mesenchymal stromal cells (MSC). This effect has mainly been described to be mediated by increasing the effectiveness of bone anabolic growth factors such as bone morphogenetic proteins (BMPs) due to the binding and presentation of the growth factor or by modulating its signal transduction pathway. In the present study, the influence of chondroitin sulfate (CS) and two chemically over-sulfated CS derivatives on osteogenic differentiation of human mesenchymal stromal cells (hMSC) and on BMP-2 and transforming growth factor β1 (TGF-β1) signalling was investigated. Over-sulfated CS derivatives induced an increase of tissue non-specific alkaline phosphatase (TNAP) activity and calcium deposition, whereas collagen synthesis was slightly decreased. The BMP-2-induced Smad1/5 activation was inhibited in the presence of over-sulfated CS derivatives leading to a loss of BMP-2-induced TNAP activity and calcium deposition. In contrast, the TGF-β1-induced activation of Smad2/3 and collagen synthesis were not affected by the over-sulfated CS derivatives. BMP-2 and TGF-β1 did not activate the extracellular signal-regulated kinase 1/2 or mitogen-activated protein kinase p38 in hMSC. These data suggest that over-sulfated CS derivatives themselves are able to induce osteogenic differentiation, probably independent of BMP-2 and TGF-β1 signalling, and offer therefore an interesting approach for the improvement of bone healing.